Modelling and optimization of citronellyl laurate esterification in batch reactor / Mohammad Shahril Sairi by Sairi, Mohammad Shahril
MODELLING AND OPTIMIZATION OF 
CITRONELLYL LAURATE ESTERIFICATION IN
BATCH REACTOR
MOHAMMAD SHAHRIL BIN SAIRI
BACHELOR OF CHEMICAL ENGINEERING 
(ENVIRONMENT) WITH HONOURS
UNIVERSITI TEKNOLOGI MARA
2017
AUTHOR’S DECLARATION
I declare that the work in the thesis was carried out in accordance with the regulation 
of Universiti Teknologi MARA. It is original and is the results of my own, unless 
otherwise indicated or acknowledge as reference work.
I, hereby acknowledge that I have been supplied with the Academic Rules and 
Regulations, Universiti Teknologi MARA, regulating the conduct of my study and
research.
Signed:
Date •nn-/ion
Mohammad Shahril bin Sairi
Student ID : 2014822674
1
SUPERVISOR’S CERTIFICATION
We declared that we read this thesis and in our point of view this thesis is qualified in 
terms of scope and quality for the purpose of awarding the Bachelor of Chemical 
Engineering (Environment) with Honours.
r>k.
Signed:
Date : *
Main Supervisor 
Nur Fadzeelah Abu Kassim
Faculty of Chemical Engineering 
Universiti Teknologi MARA 
Cawangan Pulau Pinang 
13500 Permatang Pauh 
Pulau Pinang
N UR F A D ZEE LA H  ABU KASSIM  
Pensyarah Kaftan 
Faku lti Kejurutenum  K im ia  
U iT M  C aw . Pulau Pinang
or:
Co-Supervisor
Dr Fakhrony Sholahudin Rohman
Faculty of Chemical Engineering 
Universiti Teknologi MARA 
Cawangan Pulau Pinang 
13500 Permatang Pauh 
Pulau Pinang
NURALWANIAL1 BASHAH
Pensyarah
Fakulti Kejuruteraan Kim ia 
UiTM Pulau Pinang
ll
ACKNOWLEDGEMENT
First and foremost, I would like to express my uttermost gratefulness and 
praise upon Allah S.W.T for providing unconditional health and opportunity at all 
times, let alone finishing this project with great success.
My indebted gratitude and special thanks to Dr Fakhrony Sholahudin 
Rohman for spending his precious time to supervise my progress every week and 
keep me in the right path despite being extremely tight with his schedule. I would 
also like to express my deepest thanks to Miss Nur Fadzeelah Abu Kassim for her 
continuous advice and guidance throughout the project duration. Thank you also for 
the creative idea sharing and advising me throughout my progress.
Last but not least, my deepest gratitude to Madam Noorzalila Muhammad 
Niza and Madam Rasyidah Alrozi as our coordinator for her guidance during this 
project duration. Your commitment in ensuring our project to be successful is very 
much appreciated. Also, to my parents Mr Sairi bin Jair and Mrs Nurul Izzatie binti 
Abdullah, and my family for their support as without them I may not be where I am 
now. Also, I wish my gratitude to all my fellow colleagues that directly or indirectly 
involved in helping me throughout this project. Thank you very much to all of you.
iv
ABSTRACT
Batch esterification reactors are frequently used in the food and pharmaceutical 
industries. In general, batch esterification is a complex process since the system 
involves a nonlinear dynamic behaviour due to its kinetic characteristics and 
unsteady state process. Due to these reasons, the modelling and optimization of the 
batch esterification reactor is difficult and the application of dynamic optimization is 
often more desired to control the dynamic nature of the batch process. Among all the 
advanced optimization strategies, model-based optimization techniques have been 
largely extended and have gained prominence during the past decades. In this work, 
an orthogonal collocation method was developed by using dynopt code package 
strategy as its optimization parameter structure. The batch esterification process was 
represented by the first principle model which involved kinetic, mass and energy 
balance equations. The results obtained from the kinetic studies indicated that the 
citronellyl laurate esterification process follows an ordered bi-bi mechanism with R2 
value of 0.982. Then, the first principle model equations are solved using the 4th 
order Runge-Kutta method which is available in the MATLAB and has been 
validated with experimental data with an average R value of 0.9793. The validated 
first principle model was used to study the dynamic behaviour of the esterification 
process and it was found that the ester conversion increased with increasing reactor 
temperature and reaction time. Three different objective functions were employed to 
be simulated in this optimization which are maximum conversion rate of citronellyl 
laurate, minimum reaction time to achieve highest conversion rate, and maximum 
process profits in form of minimum reactant cost. The maximum conversion rate of 
citronellyl laurate that can be achieved in the simulation was 89.81% for around 
49.059 minute in optimum temperature of 312.0058 K. Citronellol was identified as 
the limiting reactant by which the degree of dilution of citronellol and lauric acid are 
90% and 11.25% respectively from its initial concentration. In order to study the 
minimum time required to reach specified conversion, the maximum rate of 
conversion that was proposed to be 97%. It was observed that the reaction must be 
carried out for 76.28 minutes for the simulation to reach the targeted conversion 
which are 97%. Finally, as the relative cost for P-citronellol in the industry was RM 
3.2463/M, minimum reactant cost that could be obtained from the optimized process 
was RM 0.0019/M. As a conclusion, the dynamic optimization was able to fully 
condone the intrinsic nature of batch process and suitable to be implemented in 
future online optimization.
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